Aim: To determine whether compression of the optic nerve by the intracranial carotid artery (ICA) can be a causative factor of normal tension glaucoma (NTG). Methods: The medical records of 103 eyes of 54 Japanese patients with NTG and 104 eyes of 52 age matched control patients were reviewed. The neuroradiological findings of magnetic resonance images (MRI) were evaluated to determine the relation between the optic nerve and ICA. The clinical characteristics and general medical conditions, such as diabetes and systemic hypertension, were also compared between the two groups. Results: The prevalence of optic nerve compression by the ICA in patients with NTG was 49.5%, which was significantly higher than that in control group with 34.6% (p = 0.035). Bilateral compression of the optic nerve was detected in 22 patients with NTG (40.7%), and this was also significantly higher (p = 0.029) than that in the control group (11 patients, 21.2%). In the NTG group, eyes with cup/disc ratio (C/D ratio) >0.7 showed a higher percentage of compression (52.6%) compared with eyes with C/D ratio of ,0.7 (12.5%; p = 0. 042). The presence of diabetes and hypertension did not affect the incidence of optic nerve compression by ICA significantly. Conclusions: The significantly higher percentage of NTG patients who had optic nerve compression by the ICA suggests that compression of the optic nerve by ICA may be a possible causative factor or a risk factor for optic nerve damage in some patients with NTG.
T he term, normal tension glaucoma (NTG), is used for patients with typical glaucomatous damage of the optic nerve head and visual field loss in spite of normal intraocular pressure (IOP). 1 2 Various mechanisms have been proposed to explain the origin of NTG-for example, vascular insufficiency, decreased optic disc resistance, and intraocular pressure effects, [2] [3] [4] [5] [6] but the exact cause of NTG has still not been conclusively determined.
Factors other than IOP also seem to be involved in the development of glaucomatous optic neuropathy in at least some eyes with NTG. Included as positive factors are a higher incidence of disc haemorrhage, 2 3 7 8 more pronounced peripapillary atrophy, 9 higher incidence of retinal occlusive vascular diseases, 2 10 coexistence of immunocompromised conditions, 11 12 increased resistance index in orbital vessels, 13 and alterations in the diurnal variation of systemic blood pressure. 14 15 It is generally accepted that high or even normal intracranial blood pressure can cause dysfunction of cranial nerves when a blood vessel is situated where it can compress the nerve. [16] [17] [18] The occurrence of such compressive damage to the optic nerve is poorly recognised, even though several studies have shown that the optic nerves can be damaged by vascular compression. [19] [20] [21] [22] [23] [24] Optic nerve compression by the intracranial carotid arteries (ICA) has been suggested to be a cause of visual field defects in patients with optic neuropathy, 19 20 22-25 and in patients with NTG. [26] [27] [28] The purpose of this study was to examine in more detail whether the compression of the optic nerve by the ICA can be a possible causative factor of NTG.
PATIENTS AND METHODS
This study was conducted to conform to the tenets of the Declaration of Helsinki, and informed consent was obtained from all patients after an explanation of the purpose and procedures of the study.
Fifty four consecutive patients with NTG who were diagnosed at the Kansai Medical University Hospital or at the Saiseikai Izuo Hospital, Osaka, Japan, were studied. We defined NTG as the presence of typical glaucomatous optic nerve head changes-for example, optic disc cup, neural rim saucerisation, or notching in the inferior or superior-temporal disc areas; glaucomatous nerve fibre layer defects on visual field testing (that is, nasal step, or paracentral, Seidel's, or arcuate scotoma); and an intraocular pressure never above 21 mm Hg on initial or follow up examinations. 1 2 29 All patients who met the criteria of NTG and agreed to have laboratory examinations and magnetic resonance imaging (MRI) imaging were studied.
The mean age of the 54 patients with NTG was 69 (SD 11) years with a range of 43-92 years. We excluded patients with significant retinal diseases, with media opacity preventing adequate examination of the posterior pole, and with other diseases that could cause a decrease of visual function (determined by clinical judgment and laboratory investigations). None of the patients had intracranial abnormalities such as tumours, aneurysms, or brain infarctions involving the anterior visual pathways.
In the 108 eyes of 54 patients with NTG (28 men and 26 women), three patients had unilateral NTG. Of these three patients, the three fellow eyes with no visual fields defects were excluded from the NTG group. One eye with a small optic disc and another with macular degeneration were excluded from the NTG group. Thus, a total of 103 eyes of 54 patients were placed in the NTG group. The fellow eyes of the three patients with unilateral NTG were placed in the fellow eye group for evaluation.
The visual acuity, optic disc head cupping, and laboratory tests for diabetes mellitus and systemic hypertension were determined for all patients diagnosed with NTG. All of the patients had normal findings for complete blood cell counts, serological test for syphilis, and sedimentation rate.
The control group was made up of 104 eyes of 52 age matched patients (22 men and 30 women, ages 41-88 years; average 68.0 (SD 14) years). These patients had consulted the Department of Internal Medicine in Saiseikai Izuo Hospital and had undergone MRI for a screening checking up. None of the control patients had a known ocular or neurological condition that might affect the visual pathways before the imaging. In addition, dilated ocular evaluations showed no signs of visual pathway disease.
MRI (Philips Co, Gyo Scan ACS-NT PT 3000) was performed at the initial examination, and from our experience, T1 weighted MRI sequences acquired in the coronal plane were taken as they were the optimal images to evaluate the anatomical relation between the intracranial optic nerve and the ICA. Radiological analysis was made by two experienced radiologists who were informed of the age and sex but were masked as to whether the patient was in the NTG or control group.
The relation between the optic nerve and the adjacent ICA was designated by the following grading scheme: grade 0, no contact or contact but without distortion of the optic nerve contour (contact but no compression); grade 1, contact with slight distortion of the optic nerve contour (slight compression); grade 2, contact with moderate or severe distortion of the optic nerve contour (moderate to severe compression; fig 1) .
The medical records and MRI evaluation of all patients were reviewed. Categorical data were summarised as percentages, and statistical analysis of the MRI evaluations between groups was compared with x 2 tests. p Values less than 0.05 were considered to be significant.
RESULTS

NTG versus control
Of the 103 eyes of 54 patients with NTG, compression of the optic nerve was observed in 51 (49.5%) of the eyes and not observed in 52 (50.5%) of the eyes. In the 51 eyes with optic nerve compression, 33 eyes were classified as grade 1 (64.7%) Figure 1 The grading scheme of T1 weighted MRI sequences acquired in the coronal plane. The relation between the optic nerve and the adjacent intracranial carotid artery (ICA) was classified into three grades as described in text. Top image shows no optic nerve compression and was graded as 0. Middle image shows slight optic nerve compression and was graded as 1.0. Bottom image shows marked optic nerve compression and was graded as 2.0. fig 2) . The percentage of eyes with grade 2 compression was not significantly higher in the NTG group than that in the control group (x 2 = 1.6, p = 0.20; fig 2) . In the three patients with unilateral NTG, compression was observed in one of the fellow eyes and not observed in two eyes. Because the number of eyes in the unilateral NTG group was small, it was difficult to compare the frequency of the optic nerve compression to the other groups statistically.
Bilateral and unilateral compression
In the 54 patients with NTG, 22 patients (40.7%) had bilateral compression of the optic nerves by the ICA, nine patients (16.7%) had unilateral compression, and optic nerve compression was not found in either eye in 23 patients (42.6%). Of the 52 patients in the control group, only 11 patients had bilateral optic nerve compression (21.2%), 14 patients (26.9%) had unilateral compression, and 27 patients (61.9%) had no compression. The prevalence of bilateral optic nerve compression was significantly higher in NTG group than that in the control group (x 2 = 4.74, p = 0.029, table 2).
Optic disc cupping
In the 103 eyes in the NTG group, there were 95 eyes (93.2%) with a C/D ratio >0.7, and in this group, there were 50 eyes (52.6%) with compression of the optic nerve by the ICA. Of the eight eyes with C/D ratio (0.7, only one eye (12.5%) had a compression of the optic nerve by the ICA. The higher percentage of eyes with C/D ratio ,0.7 who showed compression was statistically different from eyes with C/D ratio ,0.7 (x 2 = 5.7, p = 0, 017; and x 2 = 4.1, p = 0, 042 with Yates's correction). None of the eyes in the control group had a C/D ratio >0.7 (table 3, fig 3) .
Patients with diabetes mellitus
There were 34 eyes of 17 patients with diabetes mellitus (32.7%) in the control group, and of these, optic nerve compression was observed in 11 eyes (32.4%) and not observed in 23 eyes (67.6%). Of the 70 eyes of 35 patients without diabetes in the control group, compression was observed in 25 eyes (35.7%) and compression was not observed in 45 eyes (64.3%). The difference in the percentage of eyes with optic nerve compression in the two groups was not significantly different (x 2 = 0.11, p = 0, 32, 
DISCUSSION
A compression of the optic nerve by normal carotid arteries has been suggested to be a possible cause of visual field defects in patients with optic neuropathy 19 20 22-25 and with NTG. [26] [27] [28] Jacobson et al 30 used MRI to show that an anatomic compression of the intracranial optic nerve by the ICA occurred relatively frequently in asymptomatic patients; contact of one or both optic nerves in 70 of 100 asymptomatic patients; bilateral compression in 12 of 100; and unilateral compression in five of 100 asymptomatic patients. Although we did not classify cases that only showed a contact of the optic nerve by the ICA into the compression group, we found an anatomic compression of the optic nerve by ICA in 36 eyes of 104 optic nerves (34.6%) in 52 control patients. Of these, only 11 patients showed bilateral compression (21.2%) and 19 patients (26.9%) showed unilateral compression. This ratio of optic nerve compression is higher than that reported. 30 The difference may depend on the neuroimaging technique or the type of controls, because our control patients were relatively old.
Compressive optic neuropathy is usually related to aneurysms, meningiomas, or other types of tumours. [31] [32] [33] These mass lesions are invasive and can grow quickly to induce damage of the optic nerve, but compression of the optic nerve by normal ICA is usually slow and non-invasive. Thus, the patients with optic nerve compression in the control group may be asymptomatic.
Compressive optic neuropathy is usually caused by intracranial lesions and not by normal blood vessels, 22 33 although neuropathies of the trigeminal, facial, and abducens nerves caused by compression by normal blood vessels have been described. [16] [17] [18] Nishioka et al reported a case whose visual function was improved by surgical release of a compression of the optic nerve from normal ICA. 19 These findings support the concept that the optic nerves can be damaged by the compression of normal appearing ICAs that do not show artherosclerotic or aneurysmal changes.
Gutman et al 26 studied the computed tomographic (CT) scans of 62 patients with NTG and found that 90% of the patients had either calcification or dilatation of the ICA adjacent to the intracranial opening of the optic canal, whereas only 21% of 24 age matched controls had similar abnormalities. Thus, they suggested that these abnormal ICAs were causing compressive optic nerve damage resulting in the optic nerve head cupping. On the other hand, Stroman et al 27 studied 20 patients with NTG using MRI to determine the cause of optic nerve damage and reported that no difference was found in either the distance between the ICA and optic nerve or in the area of the ICA that showed an absence of blood flow in the patients with NTG compared with age matched controls. Thus, the role of compression of the optic nerve by the ICA in patients with NTG is still not certain.
Our data showed that the percentage of eyes with compression of the optic nerve by ICA was significantly higher in eyes with NTG (49.5%) than that in controls (34.6%). In addition, bilateral compression occurred in 40.7% of the patients with NTG, whereas bilateral optic nerve compression was detected in only 21.2% of the control group. This difference was also statistically significant.
Earlier, Umihara et al studied 16 patients with NTG and 16 patients with high tension glaucoma. 28 They reported that compression of the optic nerve by the ICA was found in 24 (75%) of 32 optic nerves and bilateral compression was observed in 12 NTG patients. In the patients with high tension glaucoma, compression of the optic nerve by the ICA was found in 12 (37.5%) of 32 optic nerves and bilateral compression occurred in only three patients. Our findings are comparable to these values, and the values support our hypothesis that optic nerve compression by the ICA can be a possible cause of NTG in some patients.
Additional support of our hypothesis was the finding of a higher percentage (52.6%) of optic nerve compression in NTG eyes with C/D ratio >0.7 than in eyes with C/D ratio ,0.7 (12.5%). The difference was statistically significant and indicated that optic nerve compression by ICA may contribute the optic disc damage or at least may be a risk factor. It is widely accepted that the C/D ratio is correlated with the severity of visual field defect, and alterations of the C/D ratio can be detected by biomicroscopy. The C/D ratio is not affected by the condition of the patients, such as those with cataracts. However, a previous report could not find significant differences in visual field variables in NTG patients with or without compression, 28 therefore additional studies are necessary to determine the relation between optic nerve compression and severity of visual field defects.
It should be emphasised that our data do not directly indicate that neurosurgical procedures to decompress the optic nerve by ICA [20] [21] [22] should be performed in all patients with NTG, because almost a half of NTG patients (50.5%) did not have a compression of the optic nerve, and control patients with compression of optic nerve are asymptomatic. Thus, additional studies with long term follow up will be necessary to determine how optic nerve compression is contributing to the optic neuropathy in NTG and in the prognosis of NTG, because an aetiological association is still unknown.
Compressive optic neuropathy and atypical glaucoma are two conditions with clinical profiles that have overlapping characteristics in some of the reported patients. 19 23 25 32-34 Patients with compressive optic neuropathy show loss of central acuity associated with relative central and caecocentral scotomas. While it is possible and common for these patients to present with additional arcuate visual field defects, and some patients have nerve fibre bundle visual field defects minimising the potential for diagnostic confusion between the two disorders, most patients have additional signs atypical for glaucoma, including a decrease of visual acuity, abnormal colour vision, a central scotoma, and pallor of the neuroretinal rim, and the finding of increased cupping is unusual. 23 31 33 35 Systemic hypertension and diabetes are major causes of vascular dysfunction. [36] [37] [38] However, the presence of diabetes or hypertension in patients with NTG did not alter the percentage of cases with compression of the optic nerve by the ICA. In the control group, the percentage of cases with systemic hypertension and diabetes was relatively higher because the patients had been treated at the Department of Internal Medicine. Although this may have biased the findings in the controls, this did not affect the percentages of optic nerve compression by the ICA.
Although neuroimaging studies have been recommended to be performed in the diagnostic evaluation of patients with NTG, 29 most patients with NTG do not routinely undergo neuroimaging, and only those who are judged to be atypical (for example, poor correlation between the pattern or amount of visual field loss and optic disc cupping) or are at a high risk of having an intracranial mass are examined. In this study, none of the patients diagnosed with NTG had neuroradiological evidence of an intracranial mass lesion involving the anterior visual pathways, even though there have been several reports of the high prevalence of intracranial mass lesions in patients with NTG. 35 37 39 More recently, it was reported that 6.5% patients with NTG have clinically relevant intracranial compressive lesions involving the anterior visual pathway. 40 While some have advocated obtaining neuroimaging in patients with NTG, 26 40 Greenfield et al suggested that routine neuroimaging may be of little value because of its low sensitivity for detecting such lesions. 35 The high spatial resolution and multiplaner imaging capability of CT scan, and the more recent MRI techniques, provide the clinician with non-invasive ways to evaluate the intracranial mass and the relation between the ICA and optic nerve. Although the cost-benefit ratio of performing such studies is still unknown, but weighing the financial implications against the improved quality of life, neuroimaging of NTG patients should be consided.
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